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方法：选取 6 名符合实验要求的绝经后病人。双能 X 线吸收仪测定股骨颈或腰椎骨密度
T 值<-2.5 标准差，符合该标准的 3 名纳入实验组，双能 X 线吸收仪测定股骨颈或腰椎
骨密度 T 值>-1 标准差，符合该标准的 3 名纳入对照组。于空腹抽取肘静脉血适量，提
取外周血单核细胞 RNA。Nanodrop 分光光度计及琼脂糖电泳对 RNA 进行质检，构建 RNA
文库。进行桥式扩增，用 Illumina Hiseq2000 平台测序，对数据进行统计，寻找差异
表达基因，并且对这些差异表达基因进行功能富集分析。 
结果：我们的结果表明实验组（绝经后骨质疏松患者）与对照组（绝经后非骨质疏松患






















Objective  To detect the relationship between postmenopausal osteoporosis and immune 
function .We detected the differentially expressed genes between postmenopausal 
osteoporosis group and non-osteoporosis group, and carried out functional enrichment 
analysis of these differentially expressed genes, and studied the signal pathway to find the 
relationship between postmenopausal osteoporosis and immune function. 
Methods  The study involved 6 women including 3 postmenopausal osteoporosis and 3 
postmenopausal non-osteoporotic women. The bone mineral density (BMD) can be assessed 
with dual X-ray absorptiometry (DXA), and osteoporosis is defined by a T-score −2.5 or 
more standard deviations below the average of a young  adult.The control group was is 
defined by a T-score > -1 standard deviation. After an overnight fast, morning blood was 
drawn from the candidates. Total RNA was extracted from peripheral blood mononuclear 
cells. RNA quality and purity was confirmed with a Nanodrop spectrophotometer and 
electrophoresis. RNA library was constructed. With Illumina Hiseq 2000 sequencing platform, 
we collected dates and searched for differentially expressed genes(DEGs). Afterwards, 
functional and pathway analyses were conducted.  
Results  Our results showed that 108 differentially expressed genes were found in the 
experimental group (postmenopausal osteoporosis patients) and the control group 
(postmenopausal non-osteoporotic patients), including 56 up-regulated genes, 52 
down-regulated genes . The differentially expressed genes were mainly enriched in GO term 
of defense response,Immun response, inflammatory response, lymphocyte 
activation,leukocyte activation.The results suggested that postmenopausal osteoporosis and 
the patient's immune function are closely related. Increasing the immune function of the 
patients may be a potential therapeutic target for postmenopausal osteoporosis. 
Conclision  The results indicated that postmenopausal osteoporosis was associated with 
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 英文缩略词表  
缩略词 英文名称 中文名称 
BMD Bone  mineral density 骨密度 
ER Estrogen receptor 雌激素受体 
OPG Osteoclastogenesis  inhibitory factor 骨保护素 
OB Osteoblast 成骨细胞 
OC Osteoclast 破骨细胞 
TRAF TNF receptor-associated factor 肿瘤坏死因子受体相关因子 
Th17 T helper cell 17 辅助性 T 细胞 17 
TLR Toll-like receptors Toll 样受体 
IL-1 Interleukin-1 白细胞介素-1 
IL-6 Interleukin-6 白细胞介素-6 
IL-7 Interleukin-7 白细胞介素-7 
IGF-1 Insulin-like growth factor-1 胰岛素样生长因子-1 
DEXA Dual energy X-ray absorptiometry 双能 X 线吸收测定 
TGF-β Transforming growth factor-β 生长因子-β 
TNF-α Tumor necrosis factor 肿瘤坏死因子-α 




















双能X线吸收测定（dual energy X-rayabsorptiometry， DEXA）作为骨密度的测
量手段，是被世界卫生组织批准并应用于诊断骨质疏松治疗的金标准[4]。作为最常见的
原发性骨质疏松症，绝经后骨质疏松症的诊断条件是患者的骨密度值较同年龄人群的骨






































和破骨细胞(osteoclast,OC)调节骨代谢是一个重大突破。OPG 和 RANKL 在骨组织局部
微环境中表达的比例决定了骨代谢平衡是偏向骨吸收还是骨形成[13]。RANK 信号通路是
促进骨吸收的重要途径，可能成为主要的靶向抗骨吸收剂。OPG 与 RANKL 在与 RANK 结
合后具有相反的调节作用，前者与 RANK 结合，可通过激活其下游的一系列信号途径来
抑制破骨细胞的分化，而后者与 RANK 结合后，通过激活其下游的一系列信号途径来促
进破骨细胞的分化 [14]。RANKL 与 RANK 的结合对破骨细胞发挥骨吸收作用是非常关键的。
RANK 与 RANKL 结合后，可激活下游的一系列信号通路，来抑制破骨细胞的凋亡，调节
破骨细胞的分化和活性。故这两种因子在破骨细胞发挥骨吸收的生物学效应中作用重大
[15,16]。当 RANKL 和 RANK 连接后，信号经 RANK 传达给肿瘤坏死因子受体相关因子家族（主







































1.5 高通量 RNA 测序 
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